A ligated mouse intestinal loop assay has been introduced to evaluate the enteropathogenicity of strains of Escherichia coli. When inoculated as whole cultures, 19 (34%) of 55 strains isolated from diarrheic infants, each of 4 strains associated with diarrhea in human adults, and 5 of 7 strains associated with porcine coli bacillosis were found capable of causing fluid accumulation in this model. In contrast, only 1 of 28 strains isolated from normal individuals was positive in this test. Sterile concentrated filtrates of positive strains cultivated in Brain Heart Infusion broth or syncase broth were also positive, whereas filtrates of negative strains did not cause fluid accumulation. All of the strains associated with diarrhea in human adults and 16 of the 19 positive strains from diarrheic children were also found capable of causing hemagglutination of chicken erythrocytes in a slide test used to evaluate the "adhesiveness" of the bacteria, a property which may enable them to stick in the small bowel and avoid the normally efficient peristaltic clearance mechanism. Few of the nonenteropathogenic strains were positive in this test. The slide hemagglutination test may be a useful, rapid means of screening potentially enteropathic E. coli strains and merits further evaluation and study. Although not ideal, the mouse intestinal loop model offers some advantages over the rabbit ileal loop assay.
It is becoming increasingly evident that Escherichia coli strains may be causally related to diarrheal states in adult human beings as well as in children. Furthermore, the organisms involved are not among the enteropathogenic serotypes known to cause infectious diarrhea in infants (20, 21) . The proportion of previously undiagnosed diarrheal disease for which these "new" strains may account is, at present, unknown. It is conceivable that they may be responsible for the vast majority of the world's diarrheal problems, as previously identified pathogens-Salmonellae, Shigellae, and viral and protozoan agents-are found in only a small proportion of diarrheal conditions. The extent to which Clostridium perfringens (13, 23) is involved is likewise uncertain.
Thompson (25) Inocula for mouse intestinal loop assay. To prepare inocula for the mouse intestinal loop assay, lyophilized cultures were reconstituted and streaked on meat extract agar (MEA). The growth from the MEA plates was suspended with sterile normal saline solution, and 0.1 ml of the suspension containing approximately 101 viable organisms was used to inoculate 25 ml of Brain Heart Infusion broth (Difco) in a 125-ml Erlenmeyer flask. The latter was incubated for 24 hr at 30 C with reciprocal shaking at approximately 110 2-inch linear excursions per min. A 0.2-ml amount of the whole culture, containing approximately 2 X 109 to 3 X 109 viable organisms and their growth products, was used as inoculum in the mouse intestinal loop assay.
To determine whether diarrheagenic toxins were produced, similar cultures were sterilized on membrane filters (Millipore Corp., Bedford, Mass.) and concentrated on PM-10 membranes (Amicon Corporation, Lexington, Mass.) to 5%lo of their original volume. Mouse intestinal loops were inoculated with 0.2 ml of the membrane concentrates representing 4 ml of the original broth culture filtrate.
Mouse intestinal loop assay. Female white Swiss mice weighing 18 The mouse loop model offers a number of advantages over the rabbit model, especially in terms of expense, convenience, space requirements, and availability. The primary consideration, however, should be the validity of the results obtained. The present study suggests that the mouse may indeed be a valid model. A substantial proportion (34%7) of strains isolated from diarrheic infants gave positive results in mouse loops, whereas only 1 of 28 strains isolated from normal subjects did so. Although based on a limited sampling, the findings that each of four strains available to us that was implicated in diarrheal disease in adults was positive in this test strongly suggest the potential usefulness of the mouse loop model. Similarly, the observations that each of the filtrates from strains that were positive as whole cultures was also positive whereas none of the filtrates from negative strains produced positive loops support the specificity of the system as well as the implication of an enterotoxic factor in the pathogenesis.
The mouse model appears promising, but it is by no means ideal. We (19) .
For an E. coli strain to express pathogenicity in the small bowel, apparently three conditions must be met: (i) the strain must be able to establish itself and multiply in the small bowel of the host; (ii) it must elaborate an enterotoxin (or invade the tissue); and (iii) the animal must be susceptible and responsive to the enterotoxic factor. Although the fact that filtrates from positive strains were invariably positive in the mouse loop test does not establish the role of an enterotoxin, it certainly is compatible with that explanation. Regarding the first point, a direct relationship between the "adhesiveness" of the E. coli strains, as manifested by their ability to agglutinate erythrocytes in the slide test, and their ability to stick to intestinal epithelium and hence escape the effective mechanical clearing action of the gut has not been established. However, a similar relationship has been postulated in the case of the cholera vibrios (16) . One would not expect this property to be as important in the loop test as it might be in a patent gut. But the high degree of correlation observed between hemagglutinative activity and loop activity strongly suggests that the ability to hemagglutinate is associated with the diarrheagenic capability even though they may be independent properties. Thus, as observed in the present study, one might expect to find (i) strains that are hemagglutinative but lack the enterotoxin, (ii) strains that are enterotoxin producers but are not adhesive, and (iii) the majority of diarrheagenic gut loop positive strains having both characteristics. The merit of a quick-slide hemagglutination test as a means of recognizing E. coli enteropathogens should be the subject of further investigation. If this relationship were substantiated, further study of the nature of the hemagglutinin might provide a useful means of prophylaxis. In this regard, earlier studies by Duguid et al. (3a, 3b) demonstrated an association between hemagglutinative activity and the presence of fimbriae. Additional studies directed toward isolating and characterizing the E. coli enterotoxin(s) are in progress in this laboratory.
